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Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

[0001] The present Invention relates to an olefin polymerization catalyst component, an olefin polymerization catalyst 
and a process for producing an olefin polymer. In more particular, the present invention relates to a process for producing 
an olefin polymer, particularly a linear low density polyethylene by using a transition metal complex having a cyclic 
10 structure where two oxygen atoms are bonded with the transition metal atom and further containing a hetero atom In 
a substituent not contained In the cyclic structure as a main catalyst component for the polymerization of olefin. 

Prior Art 



IS [0002] Many reports have been already published about methods . for producing a olefin polymer with a metallocene 
complex. For example, in Japanese Unexamined Patent Publication Sho No.5B-19309, a process for producing an 
olefin polymer with a metallocene complex and an aluminoxane is reported. However, there was a prcdJiem that the 
molecular weight of the olefin polymer obtained was low when an olefin was polymerized with the system using bis 
(cyclopentadienyl) zirconium dichloride and mothylaluminoxane. 

20 [0003] To improve this problem, in WO Publication No.87/C2370, the usage of a reaction product of an organic 
compound having at least two hydroxy groups with a transition metal compound is reported. 
But, in the system using 2,2'-thiobis(6-tert-butyl-4-methylphenoxy)titanium dichloride and methylaluminoxane in the 
report, there was a problem that although its molecular weight was properly high at an advantageous reaction temper- 
ature in an industrial process, the activity was tow. 

25 [0004] In Japanese Unexamined Patent Publication Hei No. 5-2301 33, a process for polymerizing propylene or eth- 
ylene by using 2,2'-thiobis(6-tert-butyl-4-methylphenoxy)litanium dichloride, triisobutylaluminum and triphenylmethyl- 
totrBkis(pentaf]uorophenyl)borate is disclosed, but the polymerization temperature is too low from the viewpoint of an 
industrial process. 

[0005] On the otherhand, in Japanese Unexamined Patent Publication Hei No.6-1 92330, there is disclosed a process 
30 lor copolymerizing ethylene with an a-olefin at BO'C with 2,2'-thiobis(6-tert-butyl-4-methyiphenoxy)tltanium dichloride, 
triisobutylaluminum and dimethylanilinium1etrakis(pentafluorophenyl)borate, but there was a problem that a large 
amount of triisobutylaluminum was used. 



SUMMARY OF THE INVENTION 



3S 



[0006] An object of the present invention is to provide a new catalyst component for polymerizing an olefin exibiting 
a high activity at an advantageous reaction temperature in an industrial process. 

[0007] Another object of the present invention is to provide a catalyst making the reduction of the amount used of 
an organoaluminum possible and giving an olefin polymer with a high molecular weight. 
40 [0008] Other objects and advantages of the present invention will be apparent from the description below. 

[0009] The present inventors have intensively studied an olefin polymerization catalyst component and a catalyst 
using the component As a result, the present inventors found a transition metal complex having a cyclic structure 
where two oxygen atoms are bonded with the transition metal and further containing a hetero atom in a substituent 
not contained in the cyclic structure as a catalyst component for polymerizing an olefin, and completed the present 
Invention. 

[001 0] That is, the present invention provides an olefin polymerization catalyst component represented by the general 
fonnula (1 ): 



so 



ss 



/A Os /X 

^A' O ^X' 
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wherein M is a transition metal ot the 4th Group or the Lanthanide Series in the Periodic Table, O Is an oxygen atom, 
each of A and A' is a hydrocarbon or habgenated hydrocarbon group having 1 to 50 carbon atoms, or a hydrocarbon 
or halogenated hydrocarbon group having a substituent containing an oxygen atom, and having 1 to 50 carbon atoms, 
and A and A' may be the same or different, B is a grouping comprising an element of the 13th to 15th Groups in the 
s Periodic Table which grouping is capable of forming bonds to three positions, 

each of X and X" is a halogen atom or a hydrocarbon group having 1 to 20 carbon atoms and X and X' may be the 
same or different, Y represents a hydrocarbon or halogenated hydrocarbon group containing at least one hetero atom 
and having 1 to 20 carbon atoms. 

[0011] Moreover, the present invention provides an olefin polymerization catalyst comprising a catalyst component 

10 of general formula (1 ) and at least one compound (A) selected from 

an organoaluminum compound indicated by the general formula E^AIZg.g (A1 ) a cyclic aluminoxane having a structure 
indicated by the general formula {-AI(E2)-0-)b {A2) and a linear aluminoxane having a structure indicated by the general 
fonnula E3(E3-AI-0)cAIE32(A3), wherein each of E\ E^ and E^ is a hydrocarbon group having 1 to B carbon atoms, 
and In the above-mentioned general fonmulae all of E^ all of E^ and ail of may be the same or different, 2 represents 

IS a hydrogen or halogen atom and 2 or more kinds of Zs may be contained in the molecule, a is a number satisfying 
0<aSS, b represents an integer of 2 or more, and c represents an integer of 1 or more. 
[0012] Further, the present invention provides a process for producing an olefin polymer with said catalyst. 
[0013] The present invention is explained in detail below. 

eo DETAILED DESCRIPTION OF THE INVENTION 

[0014] tn the catalyst component for polymerizing an olefin represented by the above-fnenlloned general formula 
(1), M is a transition metal element of the 4th Group or the Lanthanide Series of the Periodic Table of the Elements 
(the revised edition of lUPAC nomenclature of inorganic chemistry, 19B9), and examples include a titanium atom, a 
2S zirconium atom, a hafnium atom, a samarium atom and the like. A titanium atom, a zirconium atom or a hafnium atom 
is preferred. Utanium is especially preferred. 

[0015] Each of A and A' in the above-mentioned general fomriula(l) is a hydrocarbon or halogenated hydrocarbon 
group having 1 to 50 carbon atoms, or a hydrocarbon or halogenated hydrocarbon group having a substituent containing 
an oxygen atom and 1 to 50 carbon atoms. Examples of A and A' include, for example, an alkylene group(formula(2)), 
30 a vinylene group(fonmula(3)), a phenylene group (formula(4)), a naphthalene group(formula(5)) represented by the 
following general formulae (2)-(5), and any combinations thereof, but they are not restricted thereto. Each of A and A' 
may have more than one substituent containing an oxygen atom. 
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(4) 




^f^iV-NTr?S^ , (5) 



20 [0016] Each of R,, R2, R3, R4, R5, Rg, R7 and Rg is a hydrogen atom, a hydrocarbon or hatogenated hydrocarbon 
group having 1 to 20 carbon atoms, a hydrocarbon group having a substituent containing oxygen, and having 1 to 20 
carbon atoms or a halogen atom, and they may be the same or ditferent. Each of n,, 02, ng and n4 is an Integer of 1 
to 5, preferably 1 to 3, more preferably 1 . Each of 1 and m is an Integer of 0 to 4 satisfying 0si1+m<4, x Is an integer 
of 0 to 2. and y is an Integer of 0 to 4. 

2S [0017] As examples of R^, Rj, R3, R4, Rg, Rg, R7 and Rg, hydrocarbon groups Include methyl, ethyl, n-propyl, Iso- 
propyl, n-butyl, isobutyl, sec-butyl, tert-butyl. n-pentyl, neopentyl, n-hexyl, n-octyl, phenyl, 2-methylphenyl, 3-methyl- 
phenyl, 4-methylphenyl, 2,3-dlmethylphenyl, 2,4-dimethylpheny(, 2,5-dimethylphenyl, 2,6-dimethylphenyl. 2,3,4-lri- 
methylphenyl, 2:3,5-trimethylphenyl, 2,3,6-lrlmethylphenyl, 2,3,4,5-tetramethylphenyi, 2,3,4,6-tetramethylphenyl. pen- 
tamethylphenyl, a fluoromethyl group, a difluoromethyl group, a fluoroethyi group, 1 ,1-dlfluoroethyl, 1,2-difluoroethyl, 

30 1,1,2-trifluoroethyi. tetrafiuoroethyl, chioromethyl, dichloromethyl, chloroethyl, 1,1-dichloroethyl, 1,2-dichloroethyl, 
1,1,2-trlchloroethyl. tetrachloroethyl, brcxromethyl, dibromomethyl, bromoethyl, 1,1-dibromoethyl, 1 ,2-dibromoethyl. 
1 .1 ,2-trlbromoethyl, tetrabromoethyl, 2-fluorophenyl, 3-fluorophenyl, 4-fluoroph8nyl, 2,3-difluorophenyl, 2,4-difluoroph- 
enyl, 2,5-difluorophenyl, 2,6-difluQrophenyl, 2,3,4-trifluorophenyl, 2,3,5-trifluorophenyl, 2,3,6-trifluorophenyi, 
2,3,4,5-tetrafluorophenyl, 2,3,4,6-tetrafluorophenyl, pentafluorophenyl, 2-chlorophenyl, 3-chlorophenyl, 4-chlorophe- 

3S nyl, 2,3-dichlorophenyl, 2,4-dlchloroph9nyl, 2,5-dichlorophGnyl, 2,6-dichiorophenyi, 2,3,4-trichlorophenyl, 2,3,5-trichlo- 
rophenyi, 2,3,6-tiichlorophenyl, 2,3.4,5-telrachiorophenyi, 2,3,4,6-tetrachlorophenyl, pentachlorophenyi, 2-bromophe- 
nyl, 3-bromophenyl. 4-bromophenyl, 2,3-dibromophenyl, 2,4-dibromophenyl, 2,5-dibromophenyl, 2,6-dibromophenyl, 
2,3,44ribromophenyi, 2.3,5-tribromophenyl, 2,3,6-tribromophenyl, 2,3,4.5-letrabromophenyl, 2,3,4,6-tetrabromophe- 
nyl, pentabromophenyl and the like; 

40 hydrocarbon groups having a substituent containing oxygen include methoxy, ethoxy , n-propoxy, isopropoxy, n- 

butoxy, sec-buloxy, tert-butoxy, isobutoxy, phenoxy, 2-mothyiph9noxy, 3-methylphen6xy, 4-mBthylphBnoxy and the lilte, 
and halogen atoms include a fluorine atom, a chlorine atom, a bromine atom and an iodine atom. 
[0018] Among these, each A and A' Is preferably a phenylene group represented by the general formula(4). R5 and 
R6 include methyl, ethyl, n-propyl, isopropyl, n-butyl, sec-butyl, tert-butyl, phenyl, methoxy, ethoxy, a chlorine atom 

4S and a bromine atom, and as A and A', 1,2-phenylene, 1 ,2-{6-methylphenylene), 1,2-(6-tert-butylplienylene), 1,2- 
{4,6-dimethylphenylene), 1,2-{4,6-di-tert-butylphenylene), 1 ,2-{6-tert-butyl-4-methyl phenylene), 1 ,2-(6-ter1-butyl^- 
methoxy phenylene) and 1 ,2-(6-tert-butyI-4-bromophenylene) are more preferred. 

[0019] B In the above-mentioned general fomr»ula(1) Is the residual group of the element of the 1 3th to ISth Groups 
capable of bonding at three positions, and concrete examples of B include ,for example, a nitrogen atom, a boron atom, 
so a phosphorus atom, an alkylidyne group(formula(6)), a silanetotyl group(formula(7)) represented by the following gen- 
eral formula and the like, but are not restricted thereto. 
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(6) 



Rio 

I 




(7) 



[0020] Each of Rg and R^o is a hydrogen atom or a hydrocarbon group or halogenated hydrocarbon group having 1 
to 20 carbon atoms, and each of and ng is an integer of 1 to 20. Examples of Rg and R,o include methyl, ethyl, n- 
propyl. Isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyL n-pentyl. neopentyl, n-hexyl, n-octyl, phenyl, 2-methylphenyl, 

3- methylphenyl, 4-m8thylphenyl; 2,3'dimethylphenyl, 2,4-dimethylphenyl, 2,5-dlmethylphenyl, 2,6-dimethylphenyl, 
2.3,4-trlmethylph9nyI, 2,3,5-trimethylphenyl, 2,3,6-trimelhylphenyl, 2,3,4,5-tetramBthylphenyl, 2.3,4,6-tetramBthylphe- 
nyl, pentamethylphenyl, fluoromethyl, difluoromethy), fluoroethyl, 1,1-difluoroethyl, 1 ,2-difluoroethyl, 1,1,2-trifluoroe> 
thyl, tetrafluoroBthyl, chloromethyl, dichloromethyi, chloroethyl, 1,1-dichloroethyl, 1:2-dlchloroethyl, 1,1,2-trichloroe- 
thyl, telrachloroethyl, bromomelhyl, dibromomelhyl, bromoethyl, 1,1-dibromo9thyl, 1 ,2-djbromoethyl, 1,1,2-tribfomoe- 
thyl, tetrabromoethyl, 2-fluorophBnyl, 3-fluorophenyl, 4-fluorophenyl, 2,3-difluorophenyl, 2,4-difluorophenyl, 2,5-dlfluor- 
ophenyl, 2,6-difluorophenyl, 2,3,4-trifluorophenyl. 2,3,5-lrlfluorophenyl, 2,3,6-trifluoroph8nyl, 2,3,4,5-tetrafluorophenyl, 
2,3,4,6-tetrafluorophenyl, pentafluorophenyl, 2-chlorophenyl, 3-chlorophenyl, 4-chlorophenyl, 2,3-dtchlorophenyl, 
2,4-dlchlorophenyl, 2,5-dichlorophenyl, 2,6-dichlorophenyl, 2,3,4-trichlorophenyi, 2,3,5-trichlorophenyl, 2,3,6-trichlo- 
rophenyl, 2,3.4,5-tetrachlorophenyI, 2,3,4,6-tetrachlorophenyl, pentachlorophenyl, 2-bronrK»phenyl, 3-bromophenyl. 

4- bromophenyL 2,3-dibromophenyl, 2,4-dibromophenyl, 2,5-dibromophenyl, 2,6-dlbromophenyl, 2,3,4-tribromophe- 
nyl; 2,3,5-lribromophenyl, 2,3,6-tribromophenyl, 2,3,4,5-tetrabromophenyl, 2,3,4,6-tetrabromophenyl, pentab- 
romophenyl and the like. Among these, a hydrogen atom, methyl, ethyl, n-propyl, isopropyl, n-butyl, sec-butyl, tert- 
butyl and phenyl are preferred. 

[0021] Each of X and X* in the transition metal complex represented by the above-mentioned general formula (1 ) is 
a halogen atom or a hydrocarbon group having 1 to 20 carbon atoms. Examples of the halogen atom include, lor 
example, a fluorine atom, a chlorine atom, a bromine atom and an iodine atom, and examples of the hydrocarbon 

group having 1 to 20 carbon atoms include methyl, ethyl, n-propyl, isopropyl, n-butyl, phenyl, benzyl and the like. 
Among these, a chlorine atom, methyl and benzyl are preferred. Chlorine is especially preferred. 
[0022] Y in the transition metal complex represented by the above-mentioned general formula (1) is a hydrocarbon 
or halogenated hydrocarbon group containing at least one helero atom and having 1 to 20 carbon atoms, and examples 
of the Y include a cyclic group containing a helero atom, an alkoxy group, a (subslituted)phenoxy group, a hydrocarbyl 
thio group, a hydrocarbyl amino group, a hydrocarbyl phosphino group or a hydrocarbon or halogenated hydrocarbon 
group having at least one of these group as a substituent, 

[0023] The cyclic substituenis containing a hetero atom Include those containing one heteroatom selected from ox- 
ygen, nitrogen and sulphur, eg furyl, thienyl, benzothlenyl, pyrrolyl. pyridyl, tetrahydrofuryl and tetrahydrothienyl, and 
thienyl or pyridyl is preferred. 

[0024] The alkoxy groups include methoxy, ethoxy, propoxy, butoxy and the like, and methoxy or ethoxy is preferred. 
[0025] The (substituted)phenoxy group in the present specification represents a non-substituted or substituted phe- 
noxy group and examples include phenoxy, a methylphenoxy group, an ethylphenoxy group, a dimethylphenpxy group, 
a diethylphenoxy group and the like. Phenoxy and the methylphenoxy group are preferred. 

[0026] The hydrocarbyl thio groups include methylthio, ethylthio, propylthio, butylthio, phenylthio and the like, and 
methylthio, ethylthio and phenylthio are preferred. 

[0027] The hydrocarbyl amino groups Include dlmethylamino, diethylamino. dipropytamino, dibutylamino, diphe- 
nylamino and the like, and dimethylamino, diethylamino and diphenylamino are preferred. 
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[00281 The hydrocarbyl phosphino groups Include dimethylphosphino, diethylphosphino, dipropylphosphino, dibulyl- 
phosphino. diphenyl phosphino and the like, and dimethylphosphino, diethylphosphino and dlphenylphosphino are 
preferred. 

[0029] The hydrocarbon group having a hetero atom-containing cyclic hydrocarbon group, an alkoxy group, a (sub- 
stltuted)phenoxy group, a hydrocarbyl thio group, a hydrocarbyl amino group or a hydrocarbyl phosphino group as a 
substituent include a furfuryl group, a thienyl group, methoxymethyl, ethoxymethyl, phenoxymethyl, methylthiomethyl, 
ethylthlomethyl, phenylthiomethyl, dimelhylaminomethyl group, diethylaminomethyl, diphenylamlnomethyl, dimethyl- 
phosphinom ethyl, diethylphosphinomethyl, diphenylphosphinomethyl and the like. 
[0030] The titanium-containing ring in the compounds of formula (1 ) is generally B-membered. 
[0031] Concrete examples of the transition metal complex represented by the general formula (1 ) include, for exam- 
ple, 

2.2'-(2-thienylmethylene)bisphenoxy titanium dichloride, 
2,2'-(2-thienylmethylene)bis{6-methylphenoxy) titanium dichloride, 
2,2'-{2-thienylmethylene)bis(6-tert-butylphenoxy) titanium dichloride, 
2,2'-(2-thienylmethylene)bis(4,6-dimethylphenoxy) titanium dichloride, 
2,2'-(2-thienylmethylene)bls(4,6-di-tert"butylphenoxy) titanium dichtoride, 
2,2'-(2-1hienylmethylene)bis(6-tert-butyl-4-methylph6noxy) titanium dichloride, 
2,2'-(2-thienylmethylene)bls(6-methyl-4-tert-butylphenoxy) titanium dichloride, 
2,2'-(2-thlenylmelhylene)bis(3-tert-butyl-4,6-dimethylphenoxy) titanium dichloride, 
2,2'-(2-thienylmethylene)bis{4,6-di-tert-butyl-3-methylphenoxy)titanium dichloride, 
2,2'-{2-thienylmethylene)bis(5-tert-butyl-4-fluorophenoxy)titanium dichloride, 
2,2'-(2-thienyImethylene)bis(6-tert-butyl-4-chlorophenoxy)titanlum dichloride, 
2,2'-(2-thienylmethylene)bis(6-tert-butyl-4-bromophenoxy)titanlum dichloride, 
2,2'-{2-thienylmethylene)bis{6-tert-butyl-4-methoxyph9noxy)titanium dichloride. 
2,2'-{2-thienylmethylene)bis(6-ter1-butyl-4-9thoxyphenoxy)tltanium dichloride. 
2,2'-(2-thienylmelhylene)bls(6-tert-butyl-4-n-propoxyphenoxy)titanium dichloride, 
2,2'-(2-thienylmethylene)bis(6-tert-butyl-4-isopropoxyphenoxy)litanium dichloride, 
2,2"-{3-methyl-2-thienylmethyIenB)bis(6-tert-butyl-4-methylphenoxy)titanlum dichloride. 
2,2'-(4-methyl-2-thienylmethylenB)bis(6-tert-butyl-4-melhylphenoxy)titanium dichloride, 
2,2'-(5-methyl-2-thienylmethylenB)bis(6-tert-butyl-4-methylphenoxy)tltanium dichloride, 
2,2'-{3,4-dlmethyl-2-thienylmethylene)bis(6-tert-butyl-4-methylphenoxy)titanium dichloride, 
2,2'-(3,5'dimethyl-2-thienyImethylene)bis(6-tert-butyl-4-methylphenoxy)titanrum dichloride, 
2,2'-(3,4,5-trimethyl-2-thienylmethylenB)bis{6-terl-butyl-4-methylphenoxy)titanium dichloride, 
2,2'-(2,5-dimethyl-3-thienylmethylene)bis(6-t6rt-butyl-4-methylphenoxy)titanium dichloride, 
2.2'-(2,4,5-trlmethyl-3-thlenylnfvethylene)bis(6-tert-butyl-4-methylphenoxy)titanium dichloride, 
2,2'-{2-benzothienylmethylene)bls(6-tert-butyl-4-methylphenoxy) titanium dichloride, 
2,2'-(2-furylmethylene)bis(phenoxy)titanium dichloride, 

2,2'-(2-turylmethylene)bis(6-methylphenoxy)titanium dichloride, 2,2'-{2-furylmethylene)bis(6-tert-butylphenoxy)ti- 
tanlum dichloride, 

2,2'-(2-furylmethylene)bis(4,6-dimethylphenoxy)titanium dichtoride. 2.2'-(2-furylmethylene)bjs(4,6-di-tert-butyl- 
phenoxy)titanium dichloride, 

2,2'-(2-furylmethyIene)bis(6-tert-butyl-4-methylph9noxy)titanium dichloride, 
2,2'-(2-lurylmethylene)bis(6-mBthyl-4-tert-bulylphenoxy)titanium dichloride, 
2,2-(2-furylmethylene)bis(3-terl-butyl-4,6-dimethylphenoxy)titanium dichloride, 
2,2'.-(2-furylmelhylene)bis(6-terl-butyl-4-fluorophenoxy)titanium dichloride, 
2.2'-(2-furylmBlhylene)bis(6-tert-bulyl-4-chtorophenoxy)titanium dichloride, 
2,2'-(2-furylmethytene)bis(6-tert-butyl-4-bromophenoxy)titanium dichloride, 
2,2'-(2-furylmethylen8)bis(6-teri-butyl-4-methoxyphenoxy)titanium dichloride, 
2,2'-(2-turylmethylene)bis(6-lert-butyl-4-ethoxyphenoxy)tilanium dichloride, 
2,2'-{2-turylmethylene)bis(6'tert-butyl-4-n-propoxyphenoxy)titanium dichloride, 
2,2'-(2-furylmethylene)bis(6-tert-butyl-4-isopropoxyphenoxy)titanlum dichloride. 
2,2'-(3-methyl-2-furylmethylene)bis(6-tert-butyl-4-methylphenoxy)titanium dichloride, 
2,2'-(4-methyl-2-furylmethylene)bis(6-tert-butyl-4-methylphenoxy)titanium dichloride, 
2,2'-(5-methyl-2-fUfylmethylene)bis(6-tert-butyl-4-methylphenoxy)titanium dichloride, 
2,2'-(3,4-dimethyl-2-furylmethylene)bls{6-tert-butyl-4-methylphenoxy)titanium dichloride, 
2,2'-(3,5-dimethyl-2-furylmethylene)bis(6-tert-butyl-4-methylphenoxy)titanium dichloride, 
2,2'-{3,4,5-trimethyl-2-furylmethylene)bis(6-tert-butyl-4-methylphenoxy)titanium dichloride. 
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2,2'-(2,5KJimethyl-3-furylmethylene)bis(6-1ert-butyl-4-methylphenoxy)titanium dichloride, 
2,2'-(2,4,5-trimethyl-3-1urylmethylene)bis(64ert-butyl-4-methylphenoxy}titan dichioride, 
2,2 '-(2-benzofurylmethylene)bis(6-tert-butyl-4-methylphenQxy)titanium dichloride, 
2,2'-(2-pyridylmethylene)bis(phenoxy)tltanlum dichloridd, 

2,2'-(2-pyridylmethylene)bis(6-methylphenoxy)trtanium dichloride. 2,2'-(2-pyridylrhethylene)bis(6-tert-butylphe- 

noxy) titanium dichloride, 

2,2'-(2-pyndylmethylene)bis(4,6-dimethylphenoxy}tjtanlum dichlorlda, 2.2'-(2'pyridylmethylene)bis(4.6-di-tert- 
butylphenoxy) titanium dichloride, 

2,2'-{2-pyridylmethylene)bis(6-tert-methylphenoxy)titanium dichloride, 2,2'-{2-pyridylmethylene)bis(6-methyl- 

4-tert-butylphsnoxy)titaniurn dichloride, 

2,2'-(2-pyridylmethylenG)bis(3-tert-butyl-4,6-dimelhylphenoxy)titanium dichloride, 
2,2'-(2-pyridylmethylene)bls(6-tert-butyl-4-fluorophenoxy)titanium dichloride, 
2,2'-(2-pyridyiniethylene)bls(6-tert-butyl-4-chlorophenoxy) titanium dichloride, 
2,2'-(2rpyridylmethylen6)bi8(6-tert-butyl-4bronrK)phenoxy)titanlum dichloride, 
2,2'-(2-pyridylmethylene)bis(6-tert-butyl-4-methoxyphenoxy)titanlum dichloride, 
2,2'-(2-pyridylmethylene)bls(6-ten-butyl-4-ethoxyphenoxy)tttanijm dichloride, 
2,2'-(2-pyridylmethylene)bis(6-tert-butyl-4-n-propoxyphenoxy)titanium dichloride, 
2,2'-(2-pyrldylmethylene)bis(6-tert'butyt-4-isopropoxyphenoxy)titanlum dichloride, 
2,2'-(3-methyl-2-pyr)dyl methylene)bis(6-tert-butyI-4-methylphenoxy)titanium dichloride, 
2,2'-(4-methyl-2rpyridylmethylene)brs(6-tert-butyl-4-methytphBnoxy}trtanium dichloride, ' 
2,2'-(5-methyl-2-pyridylmethylenB)bis(6-tBft-butyl-4-me1hylphBhoxy)titanium dichloride, 
2,2'-(3,4-dimelhyl-2-pyrldylmethylene)bis(6-tert-butyl-4-methylphenoxy)tltanium dichloride, 
2,2'-(3,5-dimethyl-2-pyridylmethylene)bis(6-lert-butyl-4-melhylphenoxy)titanium dichloride, 
2,2'-{3,4,5-trimethyl-2-pyrtdylmethylenB)bis{6-ter1-butyl-4-methylphenoxy)1itanium dichloride, 
2,2'-(3-pyridyl methylene)bis(6-tert-butyl-4-methylphenoxy)titanium dichloride, 
2,2'-(2-methyl-3-pyridylmethylene)bls(6-tert-biityl-4-methylphBnoxy)titanium dichloride, 
2,2'-(4-methyl-3-pyridylmelhylene)bis(6-tert-butyl-4-me1hylphenoxy)ti1anium dichloride, 
2,2'-(5-methyI'3-pyridylmelhylene)bis{6-tert-butyl-4-methylphenoxy)titanium dichloride, 
2,2'-(2,4-dimethyl-3-pyridylnnethylene)bis(6-lert-butyl-4-methylphenoxy)titanium dichloride, 
2,2'-(2,5-dimethyl-3-pyridylmethytene}bis{6-lert-butyl-4-methyIphenoxy)titanium dichloride, 
2,2'-(2,4,5-trimethyl-3-pyrldylmethylene)bis{6-terl-butyl-4-methylphenoxy)tilanlum dichloride, 
2.2'-(2-quinolylmethylene)bis(6-terl-butyl-4-methylphenoxy)tltanium dichloride, 
2,2'-(3-quinolylmethylene)bis(6-tert-butyl-4-methyiphenoxy)titantum dichloride, 

2,2'-(2-thienylmBthylene)bis(naphthyloxy)titanium dichloride, 2,2'-(3-thlBnylmethylene}bis(naphthyloxy) titanium 

dichloride, 

2,2'-(5-m9thyl-2-thjBnylmethylerie)bis(naphthyloxy)titanium dichloride, 
2,2'-(5-methyl-3-thienylmelhylene)bis(naphthyloxy)tltanium dichloride, 
2,2'-(2,5-dimethyi-3-thienylmethylene]bis{naphthyioxy) titanium dichloride, 

2,2'-(2-benzotfiienylmethylene)bis(naphthyloxy)titanium dichloride, 2,2'-(2-benzothienylrrve1hylene)bis(naphthyl- 
oxy) titanium dichloride, 

2,2'-{3-benzothienylmethylene)bis(naphthyloxy)titanium dichloride, 
2,2'-(2-thienylmethylenD)bis(8-methyInaphthyloxy)titanium dichloride, 
2,2'-(2-thienylmethylene)bis(8-tert-butylnaphthyloxy) titanium dichloride, 
2,2'-(2-thienylmethylene)bis{4,8-dimethylnaphthyloxy) titanium dichbride, 
2,2'-(2-thienylmethylene)bis(8-ter1-butyM-methylnaphthyloxy) titanium dichloride, 
2,2'-(2-turylmethylene)bis(naphthyloxy)titanium dichloride, 
2,2'-(3-turylmethylene)bis(naphthyloxy)titanium dichloride, 

2,2'-(5-methyl-2-furylmethylene)bis(naphthyloxy)titanium dichloride, 2,2'-{5-methyl-3-turylmethylene)bis(naphthy- 
loxy) titanium dichloride. 2,2'-(2,5-dimethyl-3-furylmethylene) bis(naphthyloxy)titanium dichloride, 2,2'-(2-benzo- 
furylmeUiylene}bis(naphthyloxy)titanium dichloride. 

2,2'-(3-ben2ofurylmethylBne)bls(naphthyloxy)titanium dichloride, 2,2*-(2-furylmethylene)bls(8-methylnaphthyloxy) 
titanium dichloride, 2,2'-(2-furylmethylene)bis(8-teft-butylnaphthyloxy)titanium dichloride, 
2,2'-(2-furylmethylene)bis(4,8-dimethylnaph1hyloxy)titanium dichloride, .2,2'-{2-turylmethylene)bis(B-tert-butyl- 
4methylnaphthyloxy)tltanium dichloride, 

2,2'-(2-pyridylmethylene)bis(naphthyloxy)titanium dichloride, 2.2'-(3-pyridylmethylen©)bis(naphthyloxy) titanium 
dichloride, 2,2'-(5-methyl-2-pyridylmethylene)bis {naphthyloxy)tilanium dichloride, 2,2'-(5-methyl-3-pyridylmethyl- 
ene)bis(naphthyloxy)titanium dichloride, 2,2'-(2,5-dimethyl-3-pyridylmethylene)bis{naphthyloxy) titanium dichlo- 
ride. 
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2,2'-(2-quinolylmethylene)bis(naphlhyloxy)trtanlum dichlorlde, 2,2'-(3-quinolylmethyleriB)bis(naphthytoxy) titani- 
um dichloride, 2,2*-(2-pyrldylmethylene)bis(8-methylnaphthyloxy)titanium dichloride. 

2,2'-(2-pyridylmethylene)bis(8-lert-butylnaphthyloxy) titanium dichloride, 2,2'-(2-pyridyImethylene)bis 

(4,B-dtmethylnaphthyloxy )titanium dichloride, 

2,2''(2-pyridylmethylene)bls{8-teft-bu1yl-4-methylnaphthyloxy)titanium dichloride, 
3-{2-thienyl)-1 ,5-pentamethylenodioxytitanium dichloridB, 
3-(3-thienyl)-1 .S-pentamethylenedtoxytitanium dichloride, 

3-(2-benzothienyl)-1 ,5-penlamethylenedioxytilanlum dichloride, 1,5-dlmethyl-3-(2-thienyl)-1 ,5-pentamethylenedi- 

oxythanium dichloride, 1.5-di'tert-butyl-3-(2-thienyI)-1,5-pentarTiethyIenedbxytitanium dichloride, 1,2,4.5-letram- 

e1hyl-3-{2-lhienyl)-1 ,5-penlamethylenedioxytltanium dichloride, 

1 .5-di-tert-butyl-2,4-dimethyl-3-(2-thienyl)-l ,5-pentamethylenedioxytitanium dichloride, 

3-{2-fufyl)-l .S-pentamethylenedloxytitanium dlchtoride, 

3-(3-furyl)-1 ,5-pentamethylenedioxylitanium dichloride, 

3-{2-benzofuryl)-1 .5-pentamethylenedioxytitanium dichloride, 

3-{2-furyl)-1 ,5-dimethyl-1 ,5-pentamethylenedloxytitanium dichloride, 1 .S-dl-tert-butyl-3-(2-furyl)-1 ,5-pentamethyl- 
enedioxytitanium dichloride, 

3-(2-furyl)-l ,2,4,5-tetramethyl-l ,5-pentamethylenedioxytitanium dichloride, 
3-(2-pyrrolyl)-1 ,5-pentamethylenedioxytitanium dichloride, 
3-(3-pyrrolyl)-1,5-pentamBthylenedioxytftanlum dichloride, 
3-(2-indolyl)-1 ,5-pentamethylenBdioxytitanium dichloride, 

3-{2-pyrrolyl)-1 .5-dimethyl-1 ,5-pentamethylenedbxytltanium dichloride, 1 ,5-dl-tBrt-butyl-3-(2-pyrrolyl)-1 ,5-pen- 
tamethylenedioxytitanlum dichloride, 

1 ,2,4,5-tetramethyl-3-(2-pyn-olyl)-1 .5-pentamethylenedloxytitanium dichloride, 1 ,5-di-tert-butyl-l ,5-dinvethyl-3- 
(2-pyrrolyl)-pentamethylenedioxytitanium dichloride, 
3-(2-pyridyl)-l ,5-pentamelhylenedioxytltanium dichloride, 
3-{3-pyridyl)-1 ,5-pentamethylenedloxytitanium dichloride, 
3-{2-quinolyl)-1, 5-pentamethylenedioxytitanium dichloride, 

3-(2-pyridyl)-1 ,5-dimethyl-1 ,5-pentamethylenedioxytllanium dichloride, 1 ,5-<jl-tert-butyl-3-{2-pyridyl)-l ,5-pentam- 
ethylenedioxytitanium dichloride, 1 ,2,4,5-tetramethyl-3-(2-pyridyl)-1 ,5-pentamethylenedioxytitanlum dichloride, 
1,5-di-lert-butyl-1,5-dimethyl-3-(2-pyridyl)-l ,5-pentamethylenedioxytitanium dichloride and the like. 

[0032] The transition metal complex can be synthesized by the application or adaptation of known methods lor ex- 
ample, by the following methods. There are illustrated a method for obtaining the transition metal complex comprising 
treating a phenol compound with a Grignard reagent under an inert atmosphere, reacting the treated matter with an 
aldehyde or ketone compound in an amount of half equivalent to the phenol compound used in the treatment to obtain 
a bisphenol derivative and then reacting a transition metal compound with the bisphenol derivative, a method for ob- 
taining the transition metal complex comprfeing treating a phenol compound of which hydroxy group is protected with 
a proper functional group with an alkyi lithium under an inert atmosphere, reacting the treated matter with a dihalogen- 
ated phosphorus compound in an amount of half equivalent to the phenol compound used in the treatment to obtain 
a bisphenol derivative, and after treating the the bisphenol derivative with a Grignard reagent, reacting thus treated 
matter with a a transitksn metal compound, and the like. 

[0033] The compounds (A) used in the present invention are either of (Al): the organoaluminum compound repre- 
sented by the general formula; E^^A^s.^, (A2): the cyclic aluminoxane having a structure represented by the general 
formula; {'M{E^)-0-}^, (A3): the linear aluminoxane having a structure represented by the general formula; E3(E3-AI- 
0)f,ME^2 (wherein each of E^ and E^ is a hydrocarbon group having 1 to 8 carbon atoms, and all of E^ all of 
and all of E^ may be the same or different. Z represents a hydrogen atom or a halogen atom and may contain 2 or 
more kinds of Zs in the molecule, a is a number satisfying 0<a^3, b represents an integer of 2 or more and c represents 
an integer of 1 or more. ) or a mixture of at least two of those. 

[0034] The examples of (Al) of the organoaluminum compound represented by the general formula; E^MZ^.^ include 
Irialkylaluminums such as trimethylaluminum, triethylaluminum. tripropylaluminum, trilsobutylaluminum, Irihexylaluml- 
num and the like; dialkylaluminum chlorides such as dimethylaluminum chloride, diethylaluminum chloride, dlpropyla- 
luminum chloride, diisobutylaluminum chloride, dihexylaluminum chloride and the like; alkylaluminum sesquichlorides 
such as methylaluminum sesquichloride, ethylaluminum sesquichloride and the like; alkylaluminum dichlorides such 
as methylaluminum dichloride, ethylalurtiinum dichlorkJe, propylaluminum dichloride, isobutylaluminum dichloride, 
hexyl aluminum dichlorlde and the like; dialkylaluminum hydrides such as dimethylaluminum hydride, diethylaluminum 
hydride, dipropylaluminum hydride, diisobutylaluminum hydride, dihexylaluminum hydride and the like, etc. Irialkyla- 
luminums are preferred, and triethylaluminum and trilsobutylaluminum are more preferred. 
[0035] Each of E2 and in (A2) of the cyclic aluminoxane having a structure represented by the general fomiula; 
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{-AI(E2)-o-},„ and (A3) of the linear aluminoxane having a structure represented by the general formula; E^tE^-AI- 
0]^AIE^2 is ^ hydrocarbon group having 1 to 6 carbon atoms, and as the concrete examples, alkyi groups such as 
methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, n-pentyl, neopentyl and the like can be exemplified, b is an integer 
of 2 or more and c is an integer of 1 or more. 

Preferably each of £2 and E^ is methyl and isobutyl, b is 2 to 40, and c is 1 to 40. 

[0036] The above-menlioned aluminoxanes can be prepared by the application or adaptation of known methods. 
The procedure is not particularly restricted, and they may be prepared according to well-known methods. For example, 
they are prepared by contacting a solution dissolving a trialkylalumrnum (for example, trimethytaluminum or the like) 
in a suitable organk: solvent (benzene, an aliphatic hydrocarbon or the like) with water. As another method, there is 
mentioned a method for preparing the aluminoxanes by contacting trialkylaluminum (for example, trimethylaluminum 
or the like) with a metal salt containing water of crystallization (for example, a hydrate of cupric sulfate or the like), 
[C037] The invention also provides an olefin polymerisation catalyst comprising, In additton to the compound of gen- 
eral formula (I) and a compound (A), 

compound(Bl) represented by the general formula BQ"'Q2q3 a boron compound(B2) represented by the general 
formula Z+(BQ^Q2q3q*)*, or a boion compound(B3) represented by the general formula (L-H)*(BQ1Q2q3Q*)-. 
[0038] In the boron compound(B1 ) represented by the general formula BQ1Q2q3, B is a tri-valent boron, each of Qi , 
Q2 and is a halogen atom, a hydrocarbon group having 1 to 20 carbon atoms, a halogenated hydrocarbon group 
having 1 to 20 carbon atoms, a silyl group having 1 to 20 carbon atoms, an alkoxy group having 1 to 20 carbon atoms, 
or an amide group having 1 to 20 carbon atoms, and they may be the same or diflerent. 

[0039] The examples of the Lewis acid (B1) include tris(pentafluorophenyl)borane, tris(2,3,5,6- tetrafluorophenyl) 
borane, tris(2,3,4,5-tetrafluorophenyl)borane, tris(3,4,5-trifluorophenyl)borane, tris(2,3,4-trlfluorophenyl)borane, phe- 
nylbis(pentafluorophenyl)borane and the like. Tris(pentafluorophenyl)borane is most preferred. 
[0040] In the boron compound(B2) represented by the general formula 2*(BQ''Q2Q3q*)-, B is boron having a tri- 
valent valence state, each definition of to is the same as that of in the boron compound(B1 ). 
[0041] As the examples of the compounds(B2) represented by the general formula Z+(BQ1Q2q3q*)-, Z+ being an 
inorganic cation including a f errocenium cation, an alky I substituted farrocenium cation, a silver cation, etc. , or 1* being 
an organk: cation capable of extracting a ligand from the transition metal compound formed in the reaction of the 
transftipn metal compound represented by the above-mentioned general formula (1) with the compound (A) including 
a triphenylmethyl cation and the like. The (BQ1Q2Q3Q4)- includes tetrakis(pentafluorophenyl)borate, tetrakis 
(2,3,5,6-tetrafluorophenyl)boralD, tGtrakis(2,3,4,5-tetrafluorophenyl)borate, tetrakis(3,4.5-trifluorophenyl)borate, tel- 
rakis(2,2,4-trifluorophenyl)borate, phenylbis(pentafiuorophenyl)borate, tetrakis(3,5-bis(trlfluoromethylphenyl)]borate 
and the like. Specific combinations include terrocenium tetrakis(pentafluorophenyl)borate, I.V-dlmethylf errocenium 
tetrakis (pentaf I uorophenyl)borate, silver tetrakis(pentafluorophenyl)borate. triphenylmethyl tetrakis(pentafluoroph6- 
nyl)borate, triphenylmethyl letrakis[3,5-bis(trifluoromethylphenyl)] borate and the like, and triphenylmethyl tetrakls(pen- 
tafluorophenyl)borate is most preferred, 

[0042] In the boron compound (B3) represented by the above-mentioned general formula (L-H)+(BQ'' Q2q3Q^)-, L is 
a neutral Lewis base, (L-H)-" is a Bronsted acid and each definition of to is the same as that of Q'' in the above- 
mentioned boron compound(BI). As the examples of the compound represented by the general formula (L-H)^ 
(BQiQ2Q3Q4)-, (L-H)+ being a Bronsted acid Includes a substituted trialkylammonium, a N,N-dialkylanilinium, a dialky- 
lanrtmonium, a triarylphosphonium and the like, and (BQiQaQsQJ- includes the same anions described above. The 
examples of these combinations include triethylammonium letrakis(penlafluorophenyl)borate, tripropylammonium tel- 
rakis(pentafluorophenyl)borate, tri(n-butyl)ammonium tetrakis(pentafluorophenyl)borale, tri (n-butyl)ammonium tet- 
rakis[3,5-bis(trifluoromethylphenyl)] borate, N,N-dimethylanllinlum tetrakis(pentafluorophenyl)borate, N,N-diethyl- 
aniliniumtetraki&(pentafluorophenyl)borate, N.N-2,4,6-pentamethylanil iniumtetrakis(pentafluorophenyl) borate, N,N- 
dimethylanilinlum tetrakls|3,5-bls(trlfluoromethylphenyl)] borate, dlisopropylammonium letrakis(pentafluorophenyl)bo- 
rate, dicyclohexylammonium tetrakis(pentafluorophenyl)borate, triphenylphosphonium tetrakis(pentafluorophenyl)bo- 
rale, tri(methylphenyl)phosphonium tetrakis(pentafluorophenyl) borate, tri(dimethylphenyl)phosphonium tetrakis(pen- 
tafluorophenyl) borate and the like. Tri(n-bulyl)ammonium tetrakts(pentafluorophenyl)borate or N,N-dimethylanilinium 
tetrakis(pentafluorophenyl)borat6 is nrK>st preferred. 

[0043] In the present invention, the transition metal complex represented by the general formula (1) and the com- 
pound (A) or the transition metal complex, the compound (A) and the compound (B) may be fed into a potymertzatton 
vessel with an arbitrary order and be used. Moreover, the reaction product obtained by contacting the transition metal 
complex represented by the general formula (1 ) and the compound (A) or the transition metal complex, the compound 
(A) and the compound (B) in any combinations thereof in advance may be used. 

[0044] Concerning the amount of each catalyst component used, It is desirable to use each component in the molar 
ratio of the compound (A)/the transition metal complex of 0.1 to 10000 and preferably 5 to 2000, and the molar ratio 
of the compound (B)/the transition metal of 0.01 to 1 00 and preferably 0.5 to 10. Concerning the concentration of each 
catalyst component used in a solutkxi state, it is desirable to use the transition metal complex represented by the 
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general formula (1) at the concentration of 0.0001 to 5 mnrjoM and preferably 0.001 to l mmoI/1, the compound (A) in 
terms of Al atom, at the concentration of 0.01 to 500 mmol/l and preferably 0.1 to 100mmol/l. and the compound (B) 
at the concentration of O.OOOl to 5 mmol/l and preferably 0.001 to 1 mmol/l. 

[0045] In the present invention, as the monomer constituting the olefin polymer, any of olefins and dioleflns having 
2 to 20 carbon atoms and the like can be used and at the same time two kinds or more of the monomers can be used. 
The concrete examples Include ethylene, propylene, butene-1, pentene-l. hexene-1, heplene-1 , odene-l, nonene-1, 
decene-1, 4-methylpentene-1, vinyl cyclohexene and the like. However, the present Invention should not be limited to 
the above-mentioned compounds. The concrete examples of the monomers constituting a copolymer include ethylene/ 
propylene, ethylene/butene-1 , ethylene/hexene-1, propylene/butene-1 and the like. However, the present invention 
should not be limited to the above-mentioned compounds. 

[0046] The polymerization method should not particularly be limited. For example, a solvent polymerization or slurry 
polymerization using an aliphatic hydrocarbon such as butane, pentane, hexane, heptane, octane or the like, an aro- 
matic hydrocartwn such as benzene, toluene or the like, or a halogenated hydrocartxjn such as methylenedichloride 
or the like as a solvent, a vapor phase polymerization in the gaseous monomer or the like is possible and either of a 
continuous polymerization and a batchwise polymerization is possible. 

[0047] A polymerization temperature can be in the range of -50°C to 200 '*C. In particular, the range of -20''C to 
lOO'C is preferred, and a polymerization pressure is preferably in the range of from an atmospheric pressure to 60 kg/ 
cm2 A polymerization time is usually determined appropriately according to the kirid of a polymer aimed and a reaction 
apparatus, ond a range of 5 minutes to 20 hours can be adopted. A chain transfer agent such as hydrogen or the like 
can be added In order to control the molecular weight of the copolymer to be obtained. 

EXAMPLE 

[0048] TTie present Invention is Illustrated in detail according to Examples and Comparative Examples as lolbws, 
but the present invention is not restricted thereto. 

[0049] The properties of the polymers in Examples were measured by the following methods. 

(1) An intrinsic viscosity [t|] was measured with an Ubbelohde type viscometer at ISO^C in tetralin solution. Gen- 
erally, the higher is the molecular weight, the higher Is the viscosity of the solution and the larger Is the value of [q]. 

(2) An a-olefin content was determined according to the characteristic absorptfons of ethylene and an a-olefin by 
using an infrared spectrophotometer (IR-810 .manufactured by Nippon Bunkou Industry Ltd.) and expressed as 
the number of short branched-chains per 1000 carbon atonr«(SCB). 

(3) A melting point of the copolymer was determined under the following condition by DSC (SSC-5200 manufac- 
tured by Selkoh Ltd.). 

Raise of temperature: 40*C-150'C {lO^C /min.), retaining for 5 minutes. 
Cooling: ISO^C-IO'C (5°C /rhin.), retaining for 10 minutes. 
Measurement: lO'C -lEO-C (5"C /min.) 

(4) A molecular weight and a molecular weight distribution were determined with gel permeation chromatograph 
(150, C manufactured by Waters Company Ltd.) under the following conditions. 

Column: TSK gel GMH-HT 
Measurement temperature: set at 14S"C 
Measurement concentration: lOmg/IOml-ODCB 

Exanple 1 

(1 ) Synthesis of 2-bis(2-hydroxy-3-ten-butyl-5-methylphenyl)methylthlophene 

[0050] In an atmosphere of nitrogen. 16.42g{100mmol) of 2-tert-butyl-4-methylphenol was dissolved in 100ml of 
diethyl ether and 33.3ml of methylmagnesium bromide (1 OOmmol of diethyl ether solution) was added dropwise to this 
at O'C taking 5 minutes. After completion of the dropwise addition, the mixture was stirred at 25"C lor 10 minutes. After 
that, the diethyl ether was evaporated under vacuum, and ISOmI of toluene was added to obtain a toluene solution of 
2-tert-butyM-methylphenpxymagneslum bromide. To the solution, 5.61 g (SOmmol) of 2-thiophenecarboxyaldehyde 
was added dropwise at 25''C. After stirring for 24 hours, 5% aqueous hydrochloric acid solution was added and aqueous 
layer was separated. After the organic layer was washed with a saturated aqueous sodium chtoride solution, It was 
dried with anhydrous magnesium sulfate and the solvent was removed by evaporation. The residue was purified by a 
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silicagel column chromatography (a developing solvent: hexane/ethyl acetate = 30/1 } to obtain 2-bis(2-hydroxy-3-tert' 
butyl-5-methylphenyl)methylthiophene In a yield o1 63%. The ^H-NMR spectrum data of the compound Is shown betow. 
6 1.37(18H), 2.20(6H). 4,94(2H), 5.85(1 H), 6.67(2H). 6.83(1 H), 6.97(1 H). 7.05(1 H), 7.26(1 H) 

s (2) Synthesis of 2,2'-(2-lhlenylmethylene)bis(6-terl-bulyl-4-methylphBnoxy)tltanium dichloride 

[00S1] In an atmosphere of argon, 0.423g (l.Ommol) of 2-bls(2-hydroxy-3-tert-butyl-5-methyIphenyl)methylthi- 
ophene synthesized in (1 ) and 10ml of toluene were charged in a 50ml Schlenk's tube equipped with a stirrer, and the 
solution was kept at SO'C. To the solution, 0.11 ml (1 .Ommol) of titanium tetrachloride was slowly added with a syringe. 
10 The solution was continuously stirred for 1 2 hours. After stirring, the wine red solution obtained was concentrated, and 
the residue was washed with hexane to obtain orange crystals by filtration. After that, it was dried under vacuum to 
obtain 0.339 g of an orange solid material. The ^H-NMR (CgDg) data of the solkl material is shown below. 6 1.45 (IB 
H), 2.05 (6 H). 6.38 (1 H), 6.81 (1 H), 6.83. (1 H), 6.95 (2 H), 7.55 (2 H) 

According to the data, the orange solid material was identified as 2,2 -(2-thienyimethylene)bi8(6-tert-butyl-4-methyl- 
is phenoxy)titanium dichlorkje represented by the formula below: 




(3) Polymerization 

35 [0052] After an autoclave reactor having an inner volume of 400ml and a stirrer had been dried under vacuum and 
Its atmosphere was substituted with argon, 170ml of toluene as a solvent and 30ml of hexene-1 as an a-olefin were 
charged and the temperature of the reactor was raised to SO'C. After the raise of the temperature, ethylene was fed 
while regulating an ethylene pressure at 6kg/cm2 and after the inner system was stabilized, 0.25mmol of triethyialu- 
minum was charged, and successively, 5.0 ^imol of 2,2'-(2-thienylmethylene)bts(6-tert-butyl-4-methylphenoxy)titanium 

^ dichloride was charged. Successively 15 p-mol of triphenylmethyl tetrakis(penlafluorophenyl)borate was charged. 
While regulating the temperature at BO°C, the polymerization was carried out tor 1 0 minutes. As a result of the polym- 
erization, 1.7X10®g of an ethylene-hexene-1 copolymer having SCB of 19.8. [t\] of 1.61. a molecular weight(Mw) of 
1.7 X 10^, a molecular weight distribution(Mw/Mn) of 2.6 and a melting point of 107.4'C was produced per Imol of 
titanium. 

4S 

Comparative Example 
(1) Polymerization 

so [0053] After an autoclave having an inner volume of 400ml and a stirrer was dried under vacuum and its atmosphere 
was replaced with argon, 170ml of toluene as a solvent and 30ml of hexene-1 as an a-olefin were charged and the 
temperature of the reactor was raised to BCC. After the raise of the temperature, ethylene was fed while regulating 
an ethylene pressure atSkg/cm^and after the inner system was stabilized. 0.25mmol of trielhylaluminum was charged, 
and successively; 5.0 ^mol of 2,2'-thiobis(6-tert-butyl-4-methylphenoxy)trtanium dichloride represented by the formula 
below was charged. 
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[0054]- Successively, 1 5.0 fimol of triphenylmethyl tetrakis(pentafiuorophenyl)borate was charged. While regulating 
the temperature at 80"C, the polymerization was carried out for 60 minutes. As a result of the polymerization, 2.9xl0*g 
of an ethylene-hexene-l copolymer having a SCB of 26.1, a (t)] of 3.78 and a melting point of 116.8*C was produced 

per Imol of titanium. 

Example 2 

(1) Synthesis of 2-bls(2-hydroxy-3-tert-butyl-5-methylphenyl)methylpyridine 

[0055] In an atmosphere of nitrogen, 3.29g(20mmol) of 2-tert-butyl-4-methyiphenol was dissolved in 1 0ml of diethyl 
ether and 6.7ml of methylmagnesium bromide {20mmol of diethyl ether solution) was added dropwise to this at O'C 
for 5 minutes. 

After completion of the dropwise addition, the reaction mixture was stirred at 25*C lor 10 minutes, subsequently, the 
diethyl ether was evaporated under vacuum, and 30ml of toluene was added to obtain a toluene solution of 2-tert-butyl-' 
4-m8thylphenoxymagnesium bromide. To the solution, 1 .07g (1 Ommol) of picolinaldehyde was added dropwise at 25'C 
and It was reacted for 5 hours while refluxing. After cooling, the reaction was stopped by adding aqueous 5% hydro- 
chloric acid solution and successively, alter neutralizing it with aqueous- sodium hydrogencarbonate solution, the or- 
ganic layer obtained was washed with a saturated aqueous sodium chloride solution. After drying it over anhydrous 
magnesium sulfate, the solvent was distilled off. The residue was purified by a silicagel column chromatography (a 
developing solvent: hexane/ethyl acetate = 20/1 - 1/1} to obtain 2-bis(2'hydroxy-3-terl-butyl-5-methylphBnyl)methyI- 
pyridine. 

[0056] The ^H-NMR spectrum data of the compound is shown below. 

6 1.33(18H), 2.20(16H). 5.32(1H), 6.73(2H). 7.00(2H). 7.25(1H). 7.41(1H), 7.61(1H). e.36(1H) 

(2) Synthesis of 2,2'-(2-pyridylmethylBne)bis(6-tert-butyl-4-methylphenoxy)tltanium dichloride 

[0057] Under an atmosphere of argon, 0.209g (O.Smmol) of 2-bis(2-hydroxy-3-tert-butyl-5-methylphenyl)methylpy- 
ridine synthesized in (1) and 5.0ml of toluene were charged In a 50ml Schlenk's tube equipped with a stirrer, and the 
solution was kept at 20'C. 0.055ml (O.Smmol) of titanium tetrachloride was slowly added to the solution with a syringe. 
The solution was continuously stirred for 1 2 hours. After stirring, a dark brown solid material was precipitated. The dark 
brown solid material was filtered and washed with hexane. Successively, it was dried under vacuum to obtain 0.077 g 
of 2,2'-(2-pyridylmethylene)bis{6-1ert-bulyl-4-methylphenoxy)litanium dichloride as a dark brown solid material repre- 
sented by the formula below 
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(3) Polymerization 

[0058] After an autoclave having an inner volume of 400ml and a stirrer was dried under vacuum and its atmosphere 
was replaced with argon, 170ml of toluene as a solvent and 30ml of hexene-1 as an a-olefin were charged and the 
temperature of the reactor was raised to BO'C. After the raise of the temperature, ethylene was fed while regulating 
an ethylene pressure at Skg/cm^ and after the inner system was stabilized, 0.25mmol of triethylaluminum was charged, 
and then, 5.0 fimol of 2,2*-(2-pyridylmethylene)bis(6-t6rt-butyl-4-melhylphenoxy)titanium dichlorlde was charged. Suc- 
cessively, 15 pmol of triphenylmethyl telrakis(pentafluorophenyl)boratB was charged While regulating the temperature 
at BO"C, the polymerization was carried out for 30 minutes. 

As a result of the polymerization, 4.7 X 10^g of an ethylene-hexene-1 copolymer having SCB of 19.20, [r\] at 1.26, a 
molecular weight(Mw) of 1.1 X 10^ arui a molecular weight distribution(Mw/Mn) of B.8 was produced per Imol of 
titanium and an hour. . 

ExaiT^le 3 

(1) Synthesis of 2-bis(2-hydroxy-3,5-di-tert-butyl-6-methylphenyl)thiophene 

[0059] It was synthesized in the same manner as In Example 1 (1 ) except the use of 2,4-di-tert-butyl-5-methylphenol 
in place of 2-ten-butyl^-methylphenol. 

(2) Synthesis of 2,2'-(2-thienylmethylene)bis(4,6-di-tert-butyl-3-methylphenoxy)tltanium dichloride 

[0060] Under an atmosphere of argon. 0.534g (I.Ommol) of 2-bls(24iydroxy-3,5-di-tert-butyl-6-mBthylphenyl) and 
10ml of hexane were charged in a 50m! Schlenk's tube equipped with a stirrer, and the solution was kept at 20"C. To 
the solution, 0. 11 ml (1 .Ommol) of titanium tetrachloride was stowly added with a syringe. The solution was continuously 
stirred for 12 hours. After stirring, a dark brown solid material was precipitated. The dark brown solid material was 
filtered and washed with hexane. Successively, it was dried under vacuum to obtain 0.3 g of 2,2'-(2-thienylmethylene) 
bis(4,6-di-tert-butyl-3-methylphenoxy}tltanlum dichbride as a dark brown solid material represented by the formula 
below. 
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(3) Polymerization 

[0061] After an autoclave having an inner volunra of 400nil and a stinger was dried under vacuum and its atmosphere 
was replaced with argon, 170ml of toluene as a solvent and 30ml of hexene-1 as an a-olefin were charged and the 

20 temperature of the reactor was raised to BO'C. After the raise of the temperature, ethylene was fed while regulating 
an ethylene pressure atSkg/cm^ and after the inner system was stabilized; 0.25mmol of triethylaluminum was added, 
and successively, S.O^moi of 2,2'-(2-thienylmethylene)bis(4,6-d i-terl-butyl-3-methylphenoxy)titanium dichloride was 
added. Successively, 15 famol of triphenylmethyl tetral<is(pentafluorophenyl)borate was added. While regulating the 
temperature at BO'C, the polymerization was carried out for 60 minutes. 

^5 As a result of the polymerization, 2.4 x lO^g of an ethylene-hexeno-1 copolymer having SCB of 34.64, of 3.23. a 
molecular weight(Mw) of 3.0 X 105 and a molecular weight distribution{Mw/Mn) of 13.B was produced per Imol of 
titanium. 

Example 4 

30 

(1 ) Synthesis of 2-bis(2-hydroxy-3-tert-butyl-5-methylphenyl)methyl-5-methylthiophene 

[0062] It was synthesized in the same manner as in Example 1(1) except the use of 5-methyl-2-thiophenecarboxy- 
aldehyde in place of thiophenecarboxyaldehyde . 

3S 

(2) Synthesis of 2,2'-(5-methyl-2-thienylmethylene)bis(6-tert-butyl-4-melhylphenoxy)titanlum dichloride 

[0063] Under an atmosphere of argon, 0.837g (2.0mmol) of 2-bis(2-hydroxy-3-tert-butyl-5-methylphenyl)methyl- 
4-methylthiophene and 20ml of toluene were charged in a 50ml Schlenk's tube equipped with a stirrer, and the solution 
*o was kept at 20''C. To the solution, 0.22ml (2.0mmol) of titanium tetrachloride was slowly added with a syringe. The 
solution was continuously stirred for 12 hours. After stirring, a pale orange solid material was precipitated. The pale 
orange solid material was filtered and washed with hexane. Successively, it was dried under vacuum to obtain 0.2 g 
of 2,2*-(5-methyl-2-thienyimethylene)bis(6-dMert-butyl-4-methylphenoxy)lltanlum dichloride as a pale orange solid ma- 
terial represented by the formula below. 
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(3) Polymerization 

[0064] After an autoclave having an inner volume of 400ml and a stirrer was dried under vacuum and its atmosphere 
was replaced with argon. 170ml of toluene as a solvent and 30ml of hexene-1 as an a-olefin were charged and the 
temperature of the reactor was raised to BO'C. After the raise of the temperature, ethylene was fed while regulating 
an ethylene pressure at 6kg/cm2 and after the Inner system was stabilized, 0.25mmol of tri ethyl alum in urn was added, 
and successively, S.Onmol of 2.2'-(5-methyl-2-thi6nylmethylBne)bis(6-tert-butyl-4-methylphenoxy)titanium dichloride 
was added. Successively, 15 pmol of triphenylmethyl tetrakis(p9nlafluorophenyl)borale was charged. While regulating 
the temperature at BO^'C, the polymerization was carried out for 60 minutes. 

Asa result of the potymerization, 1.6 xlO^g ol an ethylene-hexene-1 copolymer having SCB of 22 50, of 3.37, a 
molecular weight(Mw) of 2.9 X lO^, a molecular weight dlstrlbutlon(Mw/Mn) of 23.4 and a melting point of 117.3'C 
was produced per imol of titanium. 

' Examples 

(1 ) Synthesis of 2-bis{2-hydroxy-3,5-dimBthylphenyl)methylthiophene 

[0065] It was synthesized in the same manner as in Example 1 (1 ) except the use of 2,4-dimethylxylenol in place of 
2-tert-bulyl-4-methylphenol. 

(2) Synthesis of 2,2'-{2-thienylmethylene}bls(4,6-dimethylphenoxy)titanium dichloride 

[0066] Under an atmosphere of argon, 0.71 3g (2.0mmol) of 2-bis{2-hydroxy-3,5-dimethylphenyl)methylthtophene 
and 20ml of toluene were charged In a 50ml Schlenk's lube equipped with a stirrer, and the solution was kept at 20'C. 
To the solution, 0.22ml (2.0mmol) ol titanium tetrachloride was slowly added with a syringe. The solution was contin- 
uously stirred for 1 2 hours. After stirring, a brick-colored solid material was precipitated. The brick-colored solid material 
was filtered and washed with hexane. Successively, it was dried under vacuum to obtain 0.3 g of 2,2'-(2-thienylmeth- 
ylene)bjs(4,6-dimethylphenoxy)titanlum dichloride as a brick-colored soiki material. 
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(3) Polymerizatton 

[0067] After an autoclave having an inner volume of 400mi and a stirrer was dried under vacuum and its atmosphere 
was replaced with argon, 170mi of toluene as a solvent and 30ml of iiexene-1 as an a-olefin were cliarged and the 
temperature of the reactor was raised to 80°C. After the raise of the temperature, ethylene was fed while regulating 
■ an ethylene pressure at ekg/cm^ and after the inner system was stabilized, 0.25mmol of triethylaluminum was added, 
and successively, 5.0 \in\o\ of 2,2'-(2-thienylmethylene)bis(4,6-d imethylphenoxy)titaniumdjchloride was added. Then, 
1 5 jimol of triphenylmethyl tetrakis(pentafluorophenyl)borate was charged. While regulating the temperature at 80'C. 
the polymerization was carried out for 60 minutes. 

[0068] As a result of the polymerization, 1 . 1 X 1 0^g of an ethylene-hexene-1 copolymer having SCB of 1 7.32, [r\] of 
4.67 and a melting point of 115.1 °C was produced per Imol of titanium. 

Example 6 

(1 ) Synthesis of 2-bis(2-hydroxy-5-methylphenol) methylthiophene 

[0069] It was synthesized in the same manner as in Example 1 (1 ) except the use of p-cresol in place of 2-tert-butyl' 
4-methylphenol. 

(2) Synthesis of 2,2'-(2-thienylmethylene)bis{4-methylphenoxy)titanium dichloride 

[0070] Under an atmosphere ol argon, 0.621 g (2.0mmol) of 2-bis(2-hydroxy-5-methylphenol)methylthiophene and 
20ml of toluene were charged in a 50ml Schlenk*s tube equipped with a stirrer, and the solution was kept at 20° C To 
the solution 0.22ml (2.0mmol) of titanium tetrachlorWe was slowly added with a syringe. The solution was continuously 
stirred for 12 hours. After stirring, a brick-colored solid material was precipitated. The brick-colored solid material was 
filtered.and washed with hexane. Successively, It was dried under vacuum to obtain 0.2 g of 2,2'-{2-thlenylmethylene) 
bis(4-methylphenoxy)titanium dk;hloride as a brick-colored solid material represented by the formula below. 
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(3) Polymerizallon 

[0071] After an autoclave having an inner volume of 400ml and a stirrer was dried under vacuum and its atmosphere 

was replaced with argon, 170ml of toluene as a solvent and 30ml of hexene-1 as an a-oleftn were charged and the 
s temperature o1 the reactor was raised to BO'C. After the raise of the temperature, ethylene was fed while regulating 

an ethylene pressure at 6l<g/cm2 and after the inner system was stabilized, 0.25mmol of triethylaluminum was added, 

and successively, 5.0 jimol of 2,2'-(2-thienylmethylene)bis(4-met hylphenoxy)titanium dichloride was charged. Then. 

15 ^mol of triphenylmethyl tetrakis(pentafluorophenyl)borate was added. While regulating the temperature at SO^C, 

the polymerization was carried out for 60 minutes. 
10 [0072] As a result of the polymerization, 9.7 x 10*g of an ethylene-hexene-1 copolymer having SCB of 1 5.89, [r|] of 

5.55, a molecular weight(Mw) of 2.7 x 10^, a molecular weight distributlon(r^/Mn) of 18.1 and a melting point of 

1 23.1 •C was produced per Imol of titanium. 

Example 7 

IS 

(1) Synthesis of 3-bi5(2-hydroxy-3-tert-butyl-5-methylphenyl)methyl-2,5-dimethylthiophene 

[0073] II was synthesized In the same manner as in Example 1 (1) except the use of 2,5-dimethyl-3-thiophenecar- 
boxyaldehyde in place of 2-thiophenecarboxyaldehyde. 
20 - ' 

{2) Synthesis of 2,2'-(2,5-dimethyl-3-thienylmethyl©ne)bis(6-tert-butyl-4-methylphenoxy)titanium dichloride 

[0074] Under an atmosphere of argon, 0.901g {2.0mmol) of 3-bls(2-hydroxy-3-tert-butyl-5-methylphenyl)me1hyl- 
2,5-dimelhylthiophene synthesized in (1) and 30ml of toluene were charged in a 50ml Schlenk's tube equipped with a 
2S stirrer, and the solution was kept at 20''C. To the solution, 0,22ml (2.0mmol) of titanium tetrachloride was slowly added 
with a syringe. Hie solution was continuously stirred for 12 hours. After stimng, ^e wine-red solution obt^ned was 
concentrated and the residue-was washed with hexane to obtain orange crystals by filtration. Successively, they were 
dried under vacuum to obtain 0.80 g of an orange solid material. The ^ H-NMR (CgDe) data of the solid malerial is shown 
below. 

30 6 1.47 (IB H). 2.02 (6 H), 2.08 (3H), 2.11 (3H). 4.99 (1 H), 6.87 (1 H). 6.91 (2 H). 7.45 (2 H) 

According to the data, the orange solidnr^terial was identified as 2,2'-(2,5-dimethyl-3-thienylmethylene)bis(6-tert-butyl- 
4-methylphenoxy)titanium dichloride represented by the formula bebw. 
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^ 3) Polymerization 

[0075] After an autoclave having an inner volume of 400ml and a stirrer was dried under vacuum and its atmosphere 
was replaced with argon, 170ml of toluene as a solvent and 30ml of hexene-l as an a-olefin were charged and the 
temperature of the reactor was raised to BO'C. After the raise of the temperature, methylene was fed while regulating 
55 an ethylene pressure at Bkg/cm^ and after the inner system was stabilized, 0.25mmol of triethylaluminum was added, 
and successively, 5.0 iimol of 2,2'-(2,5-dlmethyl-3-thienylmethylene)bis(6-tert-butyl-4-methylphenoxy)titanium dichlo- 
ride was Added. Successively, 1 5 ^mol of Iriphenylmethyl letrakis(pentafluorophBnyl)bOFate was added. While regu- 
lating the temperature at 60*C, the polymerization was carried out for 30 minutes. As a result of the polymerization, 
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5.5 X 10^9 of an ethyleria-hexene-l copolymer having SCB of 7,87, [ti] of 2.72, and a melting point of 122.7'C was 
produced per Imol of titanium. 

Examples 

(1) Synthesis of 2-bis(2-hydroxy-3-tert-butyl-5-methylphenyl)methylbenzothlophene 

[0076] It was synthesized in the same manner as in Example 1 (1 ) except the use of 2-benzothiophBnecarboxyal- 

dehyde in place of 2-thiophenecarboxyaldehyde. 

(2) Synthesis of 2,2'-(2-ben2olb]thienylmethylene)bls(6-tert-butyl-4-methylphenoxy)titanium dichloride 

[0077] Under an atmosphere of argon, 0.473g (1 .Ommol) of 2-bis(2-hydroxy-3-tertiary-butyl-5-methylphenyl)meth- 
ylbenzothiophene synthesized in {1 ) and 10ml of toiuene were charged in a 50ml Schlenk's lube equipped with a stirrer, 
and the solution was kept at 20»C. To the solution, 0.11ml (1. Ommol) of titanium tetrachloride was slowly added with 
a syringe. The solution was continuously stirred for 12 hours. After stirring, the wine-red solution obtained was con- 
centrated and the residue was washed with hexane to obtain orange crystals by filtration. Successively, they were 
dried under vacuum to obtain 0.1 g of an orange solid material. 

The ^H-NIVIR(C6D6) data of the solid material is shown below. 6 1 .50 (18 H), 2.06 (6 H), 6.59 (1 H), 6.98 (2 H), 6.99-7.10 
(3H), 7.39-7.44 (2H), 7.58 (2H) 

According to the data, the orange solid nnateriai was identified as 2,2'-(2-ben2oIbJthienylmethylene)bis(6-tert-butyl- 
4-methylphenoxy)titanium dichloride represented by the formula below. 




(3) Polymerization 

[0078] After an autoclave having an inner volume of 400ml and a stirrer was dried under vacuum and its atmosphere 
was replaced with argon, 170ml of toluene as a solvent and 30ml of hexene-1 as an a-olefln were charged and the 
temperature of the reactor was raised to BO'C. After the raise of the temperature, ethylene was fed while regulating 
an ethylene pressure at Skg/cm^ and after the inner system was stabilized, 0.25mmol of triethylaluminum was added, 
and successively, 5.0nmol of 2,2*-(2-ben2o[bJthtenylmethylene)b is(6-tert-butyl-4-methylphenoxy)titanium dichloride 
was added. Then, 15 pmol of triphenylmelhyl tetrakis(penlafluorophenyl)bora1e was added. While regulating the tem- 
perature at B0*C, the polymerizatbn was carried out for 30 minutes. As a result of the polymerizalbn. 2.3 X lO^g of 
an ethylene-hexene-1 copolymer having SCB of 17.33 and [r\] of 2.22 was produced per Imol of titanium and 1 hour. 

Example 9 

(1) Synthesis of 2-bis(2-hydroxy-3-tert-butyl-5-bromophenyl)methylthiophBne 

[0079] It was synthesized in the same manner as in Example 1 (l)except the use of 2-tert-butyl-4-bronrK)phenol in 
place of 2-tert-butyl-4-methylphenol. 

(2) Synthesis of 2,2-(2-thienylmethylene)bis(6-tert-butyl-4-bromophenoxy)titanium dichtoride . 

[0080] Under an atmosphere of argon. 1.1 Og (2.0mmol) of 2-bis(2-hydroxy-3-tert-butyl-5-bromophenyl)methyKhi- 



18 



EP 0 761 694 B1 



ophene synthesized in (1 ) and 20ml of toluene were charged in a 50ml Schlenk's tube equipped wKh a stirrer, and the 
solution was kept at 20^0. 0.22ml (S.Ommol) of titanium tetrachloride was slowly added to the solution by using a 
syringe. The solution was continuously stirred for 12 hours. After stirring, an orange solid material was precipitated. 
The orange solid material was filtered and washed with hexane. Successively, it was dried under vacuum to obtain 
0.31 9 of the orange solid material. 

The ""H-NMR (C^Dq) data of the solid material Is shown below. 6 1.26 (18 H), 6.26 (1 H), 6.55 (1 H), 6.69 (2H). 7.33 
(2H), 7.86 (2H) 

According to the data, the orange solid material was identified as 2,2-(2-thienylmethylene)bis(6-tert-butyM-bromophe- 
noxy)tltanium dichlorlde represented by tlie formula below. 




(3) Polymerization 

[0081] After an autoclave having an inner volume of 400ml and a stirrer was dried under vacuum and its atmosphere 
was replaced with argon, 170ml of toluene as a solvent and 30ml of hexene-1 as an a-olefin were charged and the 
temperature of the reactor was raised to SO'C. After the raise of the temperature, ethylene was fed while regulating 
an ethylene pressure at 6kg/cm2 and after the inner system was stabilized, 0.25mmol of triisobutylaluminum was added, 
and successively 5.0 nmol of 2.2-(2-thienylmethylene)bis(6-tert-butyl-4-bromophenoxy)titanium dichloride was added. 
Successively, 15 ^mol of triphenytm ethyl tetrakis(pentafluorophenyl)borale was added. While regulating the temper- 
ature at 60"C, the polymerizatbn was carried out lor 30 minutes. As a result of the polymerization, 1 .4 x lO^g of an 
ethylene-hexene-1 copolymer having SCB of 32.97 and [tiJ of 2.70 was produced per Imol of titanium and 1 hour. 

Example 10 

(1 ) Synthesis of 2-bis(2-hydroxy-3-1ert-butyl-5-methoxyphenyl)methytthiophene 

[0082] It was synthesized in the'same manner as in Example 1 (1 ) except the use of 2-tert-butyl-4-methoxyphenoi 
in place of 2-tert-butyl-4-mBthylph end. 

(2) Synthesis of 2,2-(2-thienylmethylGne)bis(6-teft-butyl-4-methoxyphenoxy)titanium dichloride 

. [0083] Under an atmosphere of argon, 0.91 g (2.0mmol) of 2-bis(2-hydroxy-3-tert-butyl-5-methoxypheny[)methylthi- 
ophene synthesized in (1 ) and 20ml of toluene were charged in a 50ml Schlenk's tube equipped with a stirrer, and the 
solution was kept at 20'C. To the solution, 0.22ml (2.0mmol) of titanium tetrachloride was slowly added with a syringe. 
The solution was continuously stirred for 12 hours. After stirring, a dark brown solid material was precipitated. The dark 
brown solid material was filtered and washed with hexane. Successively, it was dried under vacuum to obtain 0.3 g of 
the dark brown solid material. 

The ^H-NMR {C^D^) data of the solid material is shown betow. 5 1.44 (18 H), 3.28 (6H), 6.57 (1 H), 6.66 (1 H). 6.80 
(3H), 6.92 (1 H), 7.29 (2H) 

According to the data, the dark brown solid material was identified as 2,2-(2-thienylmethyl9ne)bis(6-tert-bulyl-4-meth- 
oxyphenoxy)titanium dichloride represented by the formula below. 
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« (3) Polymerization 

[0084] After an autoclave having an inner volume of 400ml and a stirrer was dried under vacuum and Its atmosphere, 
was replaced with argon, 170ml of toluene as a solvent and 30ml of hexene-1 as an Orolefin were charged and the 
temperature of the reactor was raised to 80*C. After the raise of the temperature, ethylene was fed while regulating 
an ethylene pressure at Skg/cm^ and after the inner system was stabilized, 0.25mmol of iriisobutylaluminum was added, 
and successively, 5.0 jimol of 2,2-(2-thienylmethylene)bis(6-tert-butyl-4-methoxyphenoxy)titanium dichloride was add- 
ed. Then, 15 nmol of triphenylmethyl tetrakis(pentafluorophenyl)borate was added. While regulating the temperature 
at BO'C, the polymerization was carried out for 30 minutes. As a result of the polymerization, 6.9 X lO^g of an ethylene- 
hexene-l copolymer having SCB of 23.04, h] of 1 . 15 and a melting point of 100.4 'C was produced per Imol of titanium 
and 1 hour. The results of the above<mentioned Examples and Comparative Examples were collectively shown In 
Tables 1. 



Table 1 
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Activity g/moUiHr 


SCB 


In] 


Melting point 'C 


Example 1 


1.7x106 


19.B 


1.61 


107.4 


Example 2 


4.7x105 


19.20 


1.26 




Example 3 


2.4x105 


34.64 


3.23 




Example 4 


1.6x105 


22.50 


3.37 


117.3 


Example 5 


l.lxlOS 


17.32 


4.67 


115.1 


Example 6 


9.7X10* 


15.89 


5.55 


123.1 


Example 7 


5.5x106 


7.87 


2.72 


122.7 


Example B 


2.3x105 


17.33 


2.22 




Example 9 


1.4x105 


32.97 


2.70 




Example 10 


6.9x105 


23.04 


1.15 




Comparative Example 


2.9x10* 


26.1 


3.78 


116.8 



Example 11 

(1) Synthesis of bis(2-hydroxy-3-lert-butyl-5-methylphenyl)(4-methoxyphenyl)phosphtne 

[0085] In an atmosphere of nitrogen, 10.41 g{50mmol) of 2-tert-butyl-4-m6thylphenol was dissolved in 100ml of tel- 
rahydfofuran diethyl ether and 31.1ml of n-butyl lithium (1.6M n-hexane solution) was added dropwise to this solution 
at -78»C. Thereafter, the temperature was elevated to room temperature and the reaction-mixture was stirred for 12 
hours. 10 ml of hexamethylphosphoric triamide was added to the the resulting slurry for obtaining a homogenous 
solution, and then, after cooled to -78"C. 5.22g(25mnrvDl) of dichtoro(methoxyphenyl)phosphtne was added. Subse- 
quently, after elevating to room temperature, the solution was refluxed for 30minutes. After natural cooling, 100ml of 
water was added to terminate the reaction and then an extracting treatment was carried out using toluene (100ml, 
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three times). The organic layer was washed with a saturated aqueous sodium hydroxide solution and was dried with 
anhydrous sodium sulfate, and then the solvent was distilled off. The residue was purified by a slllcagel column chro- 
matography (a developing solvent: hexane/ethyl acetate = 30/1) to obtain bls(2-hydroxy-3-tert-butyl-5-methylphenyl) 
{4-methoxyphenyl)phosphine of colorless crystal with the yield of 14%. The melting point was 122.5-123.5*0. 
[0086] The ^ H-NMR spectrum data of the compound is shown below. 

8 1.38(s,18H), 2.18(s,6H), 3.81 (s,3H), 6.16(d,2H, J=a6, 1.3Hz), 6.67{dd,2H,J=6.3,1.7Hz), 6.88(dd.2H.J=8.6,1.3Hz), 
7. 1 3(d,2H, J=1 .7Hz), 7.24(dd,2H, J=B.6,8.6Hz) 

{2} Synthesis of 2,2'-(4-me1hoxyphenylphosphlne)bis(6-tert-b utyl-4-methyIphenoxy)titanlum dichloride 

[0087] Under an atmosphere of argon, to a solution of 0.233g (O.Smmol) of 2-bis{2-hydroxy-3-tert'butyl-5-methyl- 
phenyl)mathylphosphine synthesized in (1) dissolved in 10ml of toluene, 0.33ml of 3M methyl magnesium bromide 
diethyl ether solution was added dropwise and the reaction mixture was continuously stirred for 12 hours. The reaction 
liquid was cooled to -7B*C, and subsequently 0.5ml of 1 M titanium tetrachloride toluene solution was added dropwise. 
After elevating to room temperature, further the reaction mixture was continuously stirred for 12 hours. Thus obtained 
mixture was filtered to eliminate a toluene-insoluble matter and the solution obtained was concentrated to obtain 0.206g 
of a brick-color solid material. 



(3) Polymerization 

[0088] After an autoclave having an inner volume of 400ml and a stirrer was dried under vacuum and its atmosphere 

was replaced with argon, 170ml of toluene as a solvent and 3Dml of hexene-l as an a-olefin were charged and the 
temperature of the reactor was raised to 80*0. After the raise of the temperature, ethylene was fed while regulating 
an ethylene pressure at 6kg/cm2 and alter the inner system was stabilized, 0.25mmol of triethylaluminum was charged, 
and then, 5.0 junol of 2,2'-(4-methoxyphenylphosphine)bis(6-tert-butyl-4-methylphenoxy}titanium dichloride was 
charged. Successiveiy, 15 ^mol of triphenylmathyl tetrakis(pentafluorophenyl)borate was charged. While reguialing 
the temperature at SO'C, the polymerization was carried out for 30 minutes. 

[0089] As a result of the polymerization, 2.2 X lO^g of an ethylene-hexene-1 copolymer having SCB of 32.7, [r|] of 

0. 65 and a melting point of 99.8*0 was produced per 1mol of titanium and an hour 

[0090] As described above in detail, according to the present invention, there is provided a transition metal complex 
having a cyclic structure where two oxygen atoms are bonded with the transition metal, further containing a hetero 
atom in a subslituent group not contained In the cyclic structure and having an excellent thermal stability. 
[0091] An olefin polymer having a high molecular weight and a narrow composition distribution; particularly a linear 
low density polyethylene can be efficiently produced at an industrially advantageous reaction temperature with an olefin 
polymerization catalyst wherein the said complex Is a main catalyst component for polymerizing an olefin. Besides, 
the amount used of aluminoxane which is e)q3enslve and must be used in a large amount can be reduced. 

Claims 

1 . An olefin polymerization catalyst component of the general formula (l ); 



/A X 

Y-B M 
^A' O X' 



wherein M is a transition metal element of the 4th Group or the Lanthanide Series in the Periodic Table, O Is an 
oxygen atom, each of A and A' is a hydrocarbon or halogenated hydrocarbon group having 1 to 50 carbon atoms, 
or a hydrocarbon or halogenated hydrocarbon group having 1 to 50 carbon atoms, and a substiluent containing 
an oxygen atom, and A and A' may be the same or different, B is a grouping comprising an element of the 13th to 
15th Groups in the Periodic Table which grouping is capable of fomnlng bonds to three posrtbns, each of X and X* 
is a halogen atom or a hydrocarbon group having 1 to 20 carbon atoms and X and X* may be the same or different, 
Y represents a hydrocarbon or halogenated hydrocarbon group containing at least one hetero atom and having 1 
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to 20 carbon atoms. 

2. An olefin polymerization catalyst component according to Claim 1 , wherein at least one of A and A' is an alkylene 
group, a vinylene group, a phenylene group, a naphthalene group, or a combination thereof. 

3. An olefin polymerization catalyst component according to Claim 2, wherein at least one of A and A' is a phenylene 
group. 

4. An olefin polymerization catalyst component according to Claim 1 , wherein B is a nitrogen atom, a boron atcan, a 
phosphorus atom, an alkylldyne group or a sllanetolyl group. 

5. An olefin polymerization catalyst component according to Claim 1 , wherein at least one of X and X* is a halogen 
atom, a methyl group or a benzyl group. 

6. An olefin polymerization catalyst component according to Claim 1 , wherein Y is a cyclic hydrocarbon group con- 
taining a hatero atom, an alkoxy group, a (sub5tituted)ph9noxy group, a hydrocarbyl thb group, an hydrocarbyl 
amino group, a hydrocarbyl phosphino group, or a hydrocarbon or halogenated hydrocarbon group substituted 
with, a cyclic hydrocarbon group containing a hetero atom, an alkoxy group, a (substituted)phenoxy group, a hy- 
drocarbyl thio group, a hydrocarbyl amino group or a hydrocarbyl phosphino group. 

7. An olefin polymerization catalyst component according to Claim 1 , wherein Y is a cyclic hydrocarbon group con- 
taining a hetero atom. 

8. An olefin polymerization catalyst comprising an olefin polymerization catalyst component according to any one of 
claims 1 to 7, and one or more of compounds (A1) to (A3} defined below: 

(A1) an organoaluminum compound of the general formula E'laAIZs.^, 
{A2) a cyclic aluminoxane of the general formula {-AI(E2)0-}b, and 
(A3) a linear alumffioxane of the general formula E^(E^-A\-0)^\E^2- 

wherein each of and E' is a hydrocarbon group having 1 to B carbcwi atoms, and 

all of E^ all of E^ or all of may be independently the same or different. Z represents a hydrogen atom or 
a ha togen atom and may contain 2 or more kinds of Zs in its molecule, a is a number defined by 0<a^3 , b represents 
an integer of 2 or more and c represents an integer of 1 or more. 

9. An olefin polymerization catalyst according to claim 8, comprising one or more boron compounds : (B1 ) of the 
general formula BQ^Q^QS, (82) of the general formula Z+(BQ1Q2q3q4)- and (B3) of the general formula {L-H)+ 
(BQ1q2q3q4)- wherein each of C, Q2 QS and Q* is a halogen atom, a hydrocarbon group having 1 to 20 carbon 
atoms, a halogenated hydrocarbon group having 1 to 20 carbon atoms, a silyl group having 1 to 20 carbon atoms, 
an alkoxy group having 1 to 20 carbon atoms, or an amide group having 1 to 20 carbon atoms, and they may be 
the same or different; Z+ is an inorganic cation Z+ Is an organic cation capable of extracting a ligand from the 
transition metal compound formed in the reaction of the transition metal compound represented by the general 
formula (1); L b a neutral Lewis base, and (L- H)+ is a Bronsted acid. 

10. An olefin polymerization catalyst according to claim 8 or 9, wherein the compound (A) Is triethylaluminum, tri- 
isobutylaluminum or melhylalumlnoxane. 

11. A process for producing an olefin polymer which comprises polymerizing an olefin with an olefin polymerization 
catalyst defined in claim 6, 9 or 10. 

12. A process for producing an olefin polymer according to claim 11, wherein said olefin polymer is an ethylene-a- 
olefin copolymer. 



PatentansprOehe 

1 . Katalysatorbestandteil fur Olefinpolymerisation der allgemeinen Formel (1 ); 
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O 




Y-B 



(I) 




o 



in der M ein Ubergangsmetalietement der 4. Gruppe oder der Lanthanidenreihe im Periodensyetem ist, O ein 
Sauerstoffatom ist, A und A' jeweils einen Kohlenwassersloffresl oder halogenierten Kohlenwasserstoffrest mit 1 
bis 50 Kohlenstoffatomen, oder elhen Kohlenwasserstoffrest oder lialogenlerten Kohlenwasserstoffrest mit 1 bis 
50 Kotilenstoffatomen und mit einem ein Sauerstoffatom enthaltenden SubstKuentenbedeuten, und A und A' gleich 
Oder verschieden sein konnen, B eine Gruppierung ist, die ein Element aus der 13. bis 15. Gruppe des Perioden- 
systems umfasst, wobei die Gruppiemng Bindungen zu drei Positionen bllden kann, X und X' jeweils ein Halogen- 
atom Oder ein Kohlenwasserstoffrest mit 1 bis 20 Kohlenstoffatomen bedeuten und X und X* gleich Oder verschie- 
den seIn konnen und Y einen Kohlenwasserstoffrest Oder halogenierten Kdhlenwasserstoffrest, der mindestens 
ein Heteroatom enthalt und 1 bis 20 Kohlenstoffatome aufweist, bedeutet. 

Katalysalorbestandteil fur Olefinpoiymerisation nach Anspruch 1, wobei mindestens einer der Reste A und A' ein 
Alkylenrest, eine Vinylengruppe, eine Phenyiengruppe, eine Naphthalingruppe oder eine Kombination davon ist. 

Katalysatorbestandteil fQr Olefinpoiymerisation nach Anspruch 2, wobei mindestens einer der Reste A und A' eine 
Phenyiengruppe ist. 

Katalysatorbestandteil fur Oleflnpolymerisatksn nach Anspruch 1 , wobei B ein Stickstoffatom, ein Boratom, ein 
Phosphoratom, ein Alkylidlnrest oder ein Silantolylrest Ist. 

Katalysatorbestandteil fur Olefinpoiymerisation nach Anspruch 1, wobei mindestens ein Rest von X und X* ein 
Haiogenatom, eine Methylgruppe oder eine Bsnzylgruppe ist. 

Katalysatorbestandteil fQr Olefinpoiymerisation nach Anspruch 1. wobei Y ein ein Heteroatom enthaltender cycll- 
scher Kohlenwasserstoffrest, ein Alkoxyrest, ein (substituierter) Phenoxyrest, eine Hydrocarbylthiogruppe. eine 
Hydrocarbyiaminogruppe, eine Hydrocarbylphosphinogruppe oder ein Kohlenwasserstoffrest oder halogenierter 
Kohlenwasserstoffrest, der mit einem ein Heteroatom enthaltenden cyclischen Kohlenwasserstoffrest. einem Alk- 
oxyrest, einem (subslituierten) Phenoxyrest, einer Hydrocarbylthiogruppe, einer Hydrocarbyiaminogruppe oder 
einer Hydrocarbylphosphinogruppe substltuiert ist, ist. 

Katalysatorbestandteil fiir Olefinpoiymerisation nach Anspruch 1, wobei Y ein ein Heteroatom enthaltender cycli- 
scher Kohlenwasserstoffrest ist. 

Katalysator fur Olefinpoiymerisation, umfassend einen Katalysatorbestandteil fur Olefinpoiymerisation nach einem 
der AnsprQche 1 bis 7 und eine oder mehrere der Verbindungen (A1) bis (A3) wie nachstehend definiert: 

(A1) eine Organoaluminiumverbindung der altgemeinen Formal B^^^iZ^.t^, 
{A2) ein cyclisches Aluminoxan der aligemeinen Fomnel [-AI(E2)-0-]b, und 
(A3) ein llneares Aluminoxan der aligemeinen Formal B^B^-AA^O)gA\E\, 

wobei und jeweils einen Kohlenwasserstoffrest mit 1 bis S Kohlenstoffatomen bedeuten und wobei alle 
-Reste, alle E^-Reste und alle E^-Reste un^hanglg vonernander glech oder verschieden sein konnen, Z ein 
Wasserstoffatom oder ein Hatogenatom darstellt und 2 oder mehrere Arten von Z's in dem Molekul enthalteh sein 
konnen, a eine Z^hl. die der Bedingung 0<a^3 gehorcht, b eine ganze Zahl von 2 oder groQer und c eine ganze 
Zahl von 1 oder grd3er ist. 

Katalysator fur Olefinpoiymerisation nach Anspruch 6, umfassend ein oder mehrere Bon/erbindungen: 

(B1) der aligemeinen Fomiel BQ^O^Qa. 

(B2) der allgemeine Formel Z+(B01Q2q3q*)- und 

(B3) der aligemeinen Fomnel (L-H)+(BQ1Q2Q3Q*)-. 
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in denen Q2, und Q* jewetis ein Halogenatom, elnen Kohlenwassetstoflrest mit 1 bis 20 Kohlenstoffalomen 
einen halogsnierten Kohlenwasserstoffrest mit 1 bis 20 Kohlenstoffatomen einen Sllylrest mit 1 bis 20 Kohlenstoff- 
atomen: einen Alkoxyrest mit 1 bis 20 Kohlenstoffatomen oder einen Amidrest mit 1 bis 20 Kohlenstoffatomen 
bedeuten und sie gleich oder verschieden setn konnen; Z+ ein anorganisches Kation ist. oder Z+ ein organlsches 
Kation ist, das einen Liganden von der Ubergangsmetaltverbindung, die in der Reaktion der Obergangsmetallver- 
blndung der allgemeinen Formel (1) gebildet wird. entfernen kann; L eine neutrale Lewis-Base und (L-H)+ eine 
Bronsted-Saure ist. 

10. Katalysator lur Olefinpolymerlsation nach Anspruch 8 oder 9, wobei die Verbindung (A) Triethylaluminium, Trilso- 
butylalumihium oder Melhylaluminoxan ist. 

11. Verfahren zur iHerstellung eines Olefinpolymers, das Polymerisieren eines Olefins mit einem Katalysator fOr Ole- 
finpolymerlsation wie in den AnsprQchen 8, 9 oder 10 definisrt umfasst. 

12. Verfahren zur Herstellung eines Olefinpolymers nach Anspruch 11 , wobei das Olefinpolymer ein Ethylen-a-Olefin- 
Copolymer ist. 



Revendlcations 

1. Composant de catalyseur de polymerisation d'ol6fines de fomiule g6n6rale (1 ) : 



A' — O X' 



dans laquelie M est un 6l6ment de mdtal de transition du Ahme Groupe ou de la S^rie des Lanthanides dans ie 
Tableau Periodique, O est un atome d'oxygene, chacun de A et A' est un groupe hydrocarbon^ ou hydrocarbons 
lialogdne ayant de 1 a 50 atomes de carbone, ou un groupe hydrocarbon^ ou hydrocarbone halogene ayant de 
1 a 50 atomes de carbone, et un substituant contanant un atome d'oxygene, et A et A' peuvent etre identiques ou 
diff6rents. B est un groupement comprenanl un element des ISeme a 15eme Groupes du Tableau P§riodique, 
lequel groupement est capable de former des liaisons en trois positions, chacun de X et X' est un atome d'halog6ne 
ou un groupe hydrocarbone ayant de 1 d 20 atomes de carbone et X at X" peuvent §tre Identiques ou differents, 
Y repr^sente un groupe hydrocarbon^ ou hydrocarbone halogend contenant au moins un h6teroatome et ayant 
de 1 d 20 atomes de carbone. 

2. Composant de catalyseur de polymerisation d'ol^fines selon la revendication 1 , dans lequel au moins I'un de A et 
A' est un groupe alkylene, un groupe vinylene, un groupe phSnylene, un groupe naphtalfene, ou une de leurs 
combinaisons. 

3. Composant de catalyseur de polymerisation d'olefines selon la revendication 2, dans lequel au moins I'un de A et 
A' est un groupe ph^nyl6ne. 

4. Composant de catalyseur de polymerisation d'defines sebn la revendication 1 , dans iequ e I B est u n atome cf azote, 
un atome de bore, un atome de phosphors, un groupe alkylldyne ou un groupe silanetolyle. 

5. Composant de catalyseur de polymerisation d'olefines seton la revendication 1 , dans lequet au rrwins I'un de X et 

est un atome d'halogene, un groupe methyle ou un groupe benzyle. 

6. Composant de catalyseur de polymerisation d'oietines selon la revendication 1, dans lequel Y est un groupe hy- 
drocarbone cyclrque contenant un heteroatome, un groupe alcoxy. un groupe phenoxy (substilue), un groupe 
fiydrocarbylthk), un groupe hydrocarbylamino, un groupe hydrocarbylphosphino, ou un groupe hydrocarbone ou 
hydrocarbone halogene substitue par un groupe hydrocarbone cycllque contenant un heteroatome, un groupe 
alcoxy. un groupe phenoxy (substitue). un groupe hydrocarbylthio, un groupe hydrocarbylamino ou un groupe 
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hy drocarby Iphosp h ino. 

7. Composant de catalyseur de polymerisation d'olefines salon la revendicatton 1 , dans lequel Y est un groups hy- 
drocarbond cyctlque contenant un hdtdroatome. 

8. Catalyseur de polym6risatlon d'ol6fjnes comprenant un composant de catalyseur de polymerisation d'olefines sa- 
lon rune quelconqua des revendicaticns 1 § 7. et un ou plusleurs des composes (A1 ) h (A3) definis ci-dessous : 

(Al) un compose organique ds ^aluminium de formula generale E^AIZs.^, 
{A2) un aluminoxane cyclique de lormule g6n6rale {-AI(E2)-0-}b, et 
(A3) un aluminoxane lineaire de formule generale E3(E3-AI-0)gAIE32 

(ou chacun de E^ E^ et E^ est un groupa hydrocarbone ayant de 1 a 6 atomes de carbona, et tous les E^ 
tous las ou tous Iss peuvent dtre independamment identiques ou differents, Z represents un atome d'hy- 
drogene ou un atome d'halog&ne et peut contenrr deux ou plus de deux types de Z dans sa molecule, a est un 
nombre defini par 0 < a £ 3, b represente un entier de 2 ou plus et c represente un entler de 1 ou plus. 

9. Catalyseur da polymerisation d'olefines selon la revendication 8, comprenant un ou plusleurs composes du bore 
(B1) de formule gen6rale BQ^Q^QS (B2) de formule g6n6rale Z*(BQiQ2QaQ*)- et (83) de formule gen6rale (L- 
H)+(BQ1q2q3Q*)-, oil chacun de Q\ Q2, q3 et Q* est un atome d'halogene. un groupe hydrocartone ayant de 1 
d 20 atomes de carbone, un groupe hydrocarbone halogene ayant de 1 a 20 atomes de carbone, un groupe silyle 
ayant de 1 S 20 atomes ds carbone, un groupe alcoxy ayant de 1 a 20 atomes de carbone, ou un groupe amide 
ayant de 1 a 20 atomes de carbone, et peuvent etre identiques ou differents ; Z+ est un cation mineral, ou bien Z+ 
est un cation organique capable d'extraire un ligand depuls le compose de metal de transition forme dans la 
reaction du compose de metal de transition represente par la formule generate (1 ) ; L est une base de Lewis 
neutre, et (L-H)-^ est un acide de Bronsted. 

10. Catalyseur de polymerisation d'olefines selon la revendication 8 ou 9, dans lequel le compose (A) est le triethyl- 
aluminium, le triisobutyl-alumlnium ou le methylaluminoxane. 

11. Procede pour produire un polymers d'olefine qui comprend la polymerisation d*une oiefine avec un catalyseur de 
polymerisation d'olefines defini dans la revendication 8, 9 ou 10. 

12. Precede pour produire un polymere d'olefine selon la revendication 11 , dans lequel ledit polymere d'olefine est un 
copolymers ethylene/a-oiefine. 
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